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ABSTRACT 

To achieve maximum economy in cost and subsequently in 
operation of cables, an important aspect is the selection of the 
optimum size of conductor^ Several factors are involved in this 
considerat ion n While the continuous current carrying capacity is 
paramount, other factors such as voltage drop, cost of losses and 
ability to carry short circuit currents must not be neglected. 
The current rating is dependent on the way the heat is 
transmitted to the cable surface and then dissipated to the 
sur round ings . A maximum conductor temperature is fixed which is 
commonly the limiting temperature for the insulation material. 
This ensures a reasonable life for the cable. Then by choosing a 
base ambient temperature for the sur round ings , a permissible 
temperature rise is obtained from which the maximum cable rating 
can be computed for the particular environment. 

Various factors and aspects dealing with different possible 
combinations of c i rcumst ances need to be considered. For example 
losses in metal sheaths and armour, eddy current losses (for a.c. 
cables), thermal resistance of different parts of cables, 
different conditions of installations, heat dissipating 
properties of the cable etc. Taking all these factors into 
considertion, the calculation really turns out to be enormous, 
using more than a hundred different formulae and more than a 
hundred and fifty different variables! An algorithm for the 
computation of continuous current rating has, therefore, been 
developed and the same has been implemented as computer program. 
Care should be taken in applying the appropriate rating factors 
to cater for the actual installation conditions and mode of 


operation. 
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SYMBOLS AND NOTATIONS 

The symbols used in this work and the quantities which they 
represent are given as following: 


A 

A 


Cross-sectional area (mm > 

Cross-sec t ional area of sheath/concent r ic conductor 
(mm > 

2 

Cross-sectional area of armour (mm > 


B 

C 

D 


Coefficient used in clause 9.2.1 
Capacitance per phase of the cable (^uF/km) 
Internal diameter of duct (mm) 


D 


D 


D 


External diameter of cable, or equivalent diameter of a 
graixp of cores in pipe-type cable (mm) 

D X 
8 

Outside diameter of duct (mm) 

External diameter of metal sheath (mm) 


F 

B. 


Coefficient defined in Clause 6.2.4 

Geometric factor for belted cables (Clause Mo. 8.1.1) 


Thermal resistance between sheath and armour ( C cm/M) 


G' 

e 


G‘* 

e 


G. 


Thermal resistance of surrounding medium (ratio of 

cable surface temperature rise above ambient to the 
losses per unit length) ( C cm/M) 

External thermal resistance of free air, adjusted for 
sold radiations. ("^C cm/N) 

External thermal resistance between cable and duct (or 
pipe) ('^C cm/W) 

Thermal resistance of duct itself (or pipe (^C cm/UI) 

External thermal resistance of medium surrounding the 
duct (or pipe) ("^C cm/W> 

Thermal resistance of insulation per core between 
conductor and sheath (^C cm/Uf) 



G 


s 


SI 


^1 

H 

I 


a 

b 


c 






d 

s 

9 ^ 

f 

9 

h 

k 


Thermal resistance of external servings (*^0 cm/Ul) 

Simons correction factor as used in clause 8.1^2.! 
Geometric factor for SL and SA type cables 

Intensity of solar radiation (clause 9,2,2) (Ul/km) 

Permissible continuous current carrying capacity of 
each conductor (rms value) 

Axial distance between conductors (mm) 

Shortest minor length in a cross-bonded electrical 
section having unequal minor lengths 

Distance between the axes of conductors and the axis of 
the cable (mm) 

Mean diameter of armour (mm) 

Diameter below serving/outer sheathing (mm) 

external diameter of conductor including semiconducting 
layers (if any) (mm) 

Minor diameter of an oval conductor (mm) 

Major diameter of an oval conductor (mm) 

External diameter of the insulated core (mm) 

distance between axis of the cable under consideration 
and axis of nth cable (mm) 

Distance between axis of the cable under cons ide rat ion 
and axis of reflection of nth cable (mm) 

Mean diameter of sheath/concent r ic conductor (mm> 

Coefficient used in clause 6,2,3 
System frequency 

Coefficient used in clause 6,2.3 

2 5/4 

Heat dissipation coefficient <W/m (C) ) 

Factor used in the calculation of hysteresis losses in 
armour or reinforcement (Clause 7.3.2) 



a or 


k ^ 
a 



k 

P 

k 

s 

I 

I 

n 

m 



P 

P 

r ' 
r 


^2 

t 

s 
t . 



t 

s 


Factor to account for direct solar radiation for 

calculatinQ G for cable in free air 
^ e 

Numerical factor to take in account of actual length of 
concen t ric conductor 

Numerical factor to taken in account of actual length 
of armour 

Numerical used in calculating (proximity effect) 

Numerical factor used in caiculatinq x (skin effect) 

^ s 

Length of a cable section (m> 

Natural logarithm (ie^ logarithm to base a) 

- iO used in clause 6>.2,3 
s 

The part of the perimeter of the cable through which is 
effective for heat dissipation (mm) 

Coefficients used in Clause 6.2.2 

Coefficients used in Clause 9.3 


Radius of circular conductor including semi conduc t i ng 
layers (if any) (mm) 

Ci rcumsc r ib ing radius of two or three sector shaped 
conductors (mm) 

Axial separation of two adjacent cables in a horizontal 
group of three, not touching (mm> 

Axial separation of cables (Clause 7,2) (mm) 

Thickness of bedding (mm) 

Thickness of serving (mm) 

Thickness of core insulation, including screening layer 
( i f any ) (mm ) 

Thickness of bedding (inner sheathing) (mm) 


Thickness of sheath (mm) 



t 

sc 


u 



X 

p 


X 

s 


Thickness of metallic screen/cancent ric conductor imm) 
2L 

= = in sub-clause 9.1 

e 

Lq 

= — = in sub-clause 9.3 

% 

Coefficients used in clause 8. 1.2.1 


Coefficient used in clause 8, 1.2. 2 


Coefficients used in clause 8. 1,2. 3 

Argument of a Bessel function used to calculate 
proximity effect 

Argument of Bessel function used to calculate skin 
effect 


k 


Proximity effect factor 
Skin effect factor 

Temperature coefficient of electrical resistivity at 
20*^0 per 

Screening factor for screened cables 
Coefficient used in Clause 9.2.1 


L Depth of laying, to cable axis or centre of trefoil 

(mm > 

L- Distance from the soil surface to the centre of a duct 

G 

block (mm> 


M 

H 

N 


P 

Q 


Hie formula as defined in clauses 8. 1.2,1 
Coefficients defined in Clause 6,2,4 

Humber of loaded cables in a duct bank (Clause 9,7.3) 
Coefficients defined in Clause 6,2.2 (ohm/km) 


R Inside radius of lead sheath/ armour (when cables do 

not have common sheath) imm) 



R Alternatina current resistance of conductor at its 

ac 

rnaximum operating temperature (ohm/km) 

R Resistance of armour at operating temperature (ohm/km) 

3L 

R Resistance of sheath at operating temperature (ohm/km> 

s 

R^^ dc resistance of conductor at maximum operating 

temperature (ohm/km) 

R dc resistance of conductor at 20^C (ohm/km) 

o 

Sector correction factor to thermal resistance of 

circular conductor cables 

Screen correction factor to thermal resistance of 

circular conductor belted type cable 

U Voltage between conductor and screen or sheath 

o ^ 

(operating voltage) (V) 

14^ Dielectric losses per unit length per phase <W/cm) 

W Losses dissipated by cable n (W/cm> 

Total power dissipated in the trough per unit length 
(W/km) 

X Indicative reactance of sheath/concent r ic conductor 

(two core cables and three core cables in trefoil) 
(ohm/km> 

Inductive reactance of sheath/concentric conductor 
(cables in flat formation) (ohm/km) 

X Mutual reactance between the sheath of one cable and 

m 

the conductors of the other two when cables are in flat 
format ion (ohm/km) 

V Coefficient used in Section 9.8 

Z Coefficient used in Section 9.2. i 

a is ratio of diameter of equitent circular conductor and 

diameter of circular core 

ot Temperature coefficient of electrical resistivity of 

armour material at 20 C per C 

Temperature coefficient of electrical resistivity of 
sheath material at 20°C per 


a 



Coefficients used in Clause 


tan S 


duct 


Coefficient used in Clause 6.2.3 
Angular time delay (clause 7.2) 

Coefficient used in Clause 6.2.3 

Equivalent thickness of armour or re inf orcemen t (mm) 

Thickness of metallic screens on screened type cable 
(mm ) 

Loss factor of insulation 

Relative permittivity of insulation (dielectric) 

Maximum permissible operating temperature of conductor 
('^O 

Sheath/concen t ric conductor temperature (^C> 

Armour temperature (^C) 

Permissible temperature rise of conductor above the 
ambient (*^C) 

Factor to account for dielectric loss for calculating 

G ( ""c ) 
e 

Cable surface temperature above ambient when cable 
protected from solar radiations 

Cable surface temperature rise above ambient when cable 
is exposed to solar radiations (^C) 

Difference between the mean temperature of air in a 
duct and ambient temperature (*^0 

Cable surface temperature rise caused by nth cable (*^C) 

Difference between the surface temperature of a cable 
in air and ambient temperature 

Temperature rise of the air in a cable trough (°C) 


Coefficient used in Clause 6.2.3 



Ratio of the total looses in metallic sheaths and 



armour respectively to the total conductor losses^ (or 
losses in one sheath or armour to the losses in one 
conduc tor > 

Ratio of the losses in one sheath caused by circulating 
currents in the sheath to the losses in one conductor 

Ratio of the losses in one sheath caused by eddy 
currents to the lasses in one conductor 

Relative magnetic permeability of armour material 

Electrical resistivity of armour material at 
2 

(ohm/mm /m) 

Thermal resistivity of earth surrounding a duct bank/ 
cable ( cm/ 

Thermal resistivity of concrete used for a duct bank 
( '"C cm/UI> 

Thermal resistivity of insulating material cm/W) 

Thermal resistivity of metallic screens on multicore 
cables cm/W) 

Thermal resistivity of screen material cm/W) 

Thermal resistivity of bedding (inner sheathing) 
material cm/W) 

Thermal resistivity of outer serving material cm/W) 

Electrical resistivity of sheath material at 20^C 
2 

(ohm/mm /m> 2 

Thermal resistivity of material (ohm/mm /m) 

Absorption coefficient of solar radiation for the cable 
surface 






Factor to account for dielectric loss for calculating 

G for cables in free (‘^O 
c 

Factor to account for direct solar radiation for 
calculating for cables in free air (^C) 

Angular frequency of System (2 


) (l/s) 
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CHAPTER 1 
INTRODUCTION 

There is a grouping appreciation on the part of cable users 
for the selection of appropriate cable sizes if the greatest 
possible economy is to be achieved in power cable installations. 

When heat is applied to any body at a uniform rate^ an 
increase in temperature results, the initial rate of increase 
being very rapid (Fig. 1). Immediately the body temperature 

exceeds the ambient temperataure and a heat dissipation process 
begins. The magnitude of this heat loss is proportional to the 
temperature difference between the body and the ambient 
temperature (Newton's Law of Cooling). Therefore, as the 

temperature of the body increases, the rate of heat loss becomes 
larger, with a diminishing of the rate of temperature rise. 
Finally a stage is reached when the rate of heat generated and 
dissipated becomes constant. This temperature is known as the 
continuous operating temperature and its magnitude will depend 
upon the nature of the path through which the heat must 
dissipate, viz. the thermal resistance. 

Four main factors decide the safe continuous current a cable 
can carry: 

1. The maKimum permissible temperature at which its components 
may be operated with a reasonable factor of safety. 

2. The heat-d iss ipat ing properties of the cable. 

3. The installation conditions and the ambient conditions. 


4. 


Voltage drop (L.V. cables). 
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The current carried by a conductor raisea its temperature 
until equilibrium is established and the heat generated is equal 
to the heat dissipated through the insulation, metal sheath, 
cable servings, and finally into the surrounding earth or air, as 
shown by Fig 2» which illustrates the mechanism of heat flow for 
the case of a three-phase belted-type cable. 

The heat flow within a cable is reasonably radial but 
externally it is not so and allowance must be made for the method 
of installation. Fig 3 shows the pattern of heat flow for three 
single-core cables. It illustrates the importance of making 
allowance for the depth of burial and could be extended to show 
the effects of other cables in close proximity. 

Under thermal steady state conditions the difference between 
the conductor temperature and the external ground or ambient 
temperature is related to the total heat losses and the law of 
heat flow which is very similar to Ohm's law. Heat flow 
corresponds to current, temperature difference to voltage 
difference and the total thermal resistance in the cable and 
surroundings to electrical resistance. From this basis the heat 
losses are often referred to as ohmic losses and using this 
analogy it is possible to construct a circuit diagram as 
illustrated in Fig. 4. This shows how the heat input at several 
positions has to flow through a number of layers of different 
thermal resistances. By measuring values of different parameters 
for the materials, rating calculations can then be made. 
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Fig. 3 Heat flow from* a‘ circuit of single-core cables installed in trefoil 
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CHAPTER 2 

PRACTICAL CONSIDERATIONS 

The current carrying capacity of a power cable is limited by 
the permissible maximum temperature of the insulation which is 
also the maximum temperature of the cable conductor* The maximum 
permissible working temperature as given by IS:396i (Part I, II ^ 
III, IV and V) - 1968 for different types of insulation are given 
in Table 1 . 

The temperature rise is a function of thermal constants of 
the cable, the surrounding medium and of the way in which it is 
laid and loaded that is the loading versus time charac t e ri s t ics • 
However, since current carrying capacities are to be computed for 
constant loading condition, the latter is of less importance* 

In computing the conductor temperature rise and current 
carrying capacity of cables, the total thermal resistance of the 
cable and the surrounding medium must be known that is the 
internal thermal resistance of the cable and the external thermal 
resistance of the surrounding medium. 


Type of Insulation 

Maximum Conductor 
Temperature in C 

Poly Venyl Chloride 

70 

Poly Ethylene 

70 

XLPE 

Rubber 

90 

EPR 

90 

Natural Rubber 

hO 

Butyl Rubber 

90 

Silicon Rubber 

150 

Paper 

(c-f. ISs396i-1968 for different types) 

65-85 




CHAPTER 3 

BASIC FORMULAE FOR THE CALCULATION OF 
CURRENT CARRYING CAPACITY OF CABLES 


In a cable carrying current there are three sources of heat, 

name 1 y i 
2 

(a) I R loss in the conductors 

(b) Dielectric losses, and 

(c> Bheath/concent ric conductor losses 

The current carrying capacity is calculated an the 
principles of heat flow in the steady state. The formula which 
is applicable to all types of cables conforming to IS as given by 
IS;39Si (parts I, II, III, IV and V) ~ 1968 for different types 
of insulation given in Table I, applicable for calculating 
current capacities is as under: 


/ 


./ 




G. G -*-0 
b s e 


)]} 


X 10*" 


y 

I4he re 


R e, nR (1 + X, >G. + nR ( 1 4- 4- (S 4- 8 ) 

ac 1 ac lb ac 1 2 s e 


A 


(1 ) 


R 

ac 


dB 


c 


W 


s. 

1 


G 


b 


Alternating current resistance per unit length of the 
conductor at maximum operating temperature ohm/km. 
Conductor temperature rise, in , above ambient 
Dielectric loss in watts per unit length of the cable 
W/cm 

Thermal insulation resistance per unit length of 
insulation in cm/UI. 

Thermal resistance per unit length of bedding between 
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G 

s 


G 

e 


X 


1 



n = 
It 

type of 
vol tape 
theref o 


sheath and arn^ouLr. In case of PVC cable G. is thermal 

o 

resistance per unit length of inner sheath. If 

unarmoured G, = O. 

b 

Thermal resistance per unit length of eKternal serving 

over armour. In case of PVC cables B is the thermal 

s 

resistance per unit length of outermost covering. 
Thermal resistance per unit length between the cable 
surface and surrounding medium 

Ratio of losses in the metal sheath/concent ric 
conductor to total loss in all conductors 

Ratio of losses in the armouring to total losses in all 
conduc tors 


Number of equally loaded conductors in cable 


should 

be 

noted that 

dielectric 

losses W . 

o 

depend upon 

the 

insul at ion 

prov ided 

in a cable- 

Table 

1 1 shows 

the 

rating 

of 

cables 

for which 

W , is 

d 

negl ig ibl e 

and 


re can be taken as equal to zero- 


Table II 


Voltage Rating upto which the dielectric loss 
can be considered negligible 


S - No . 

Type of Insulation 

Voltage Rating 

1 - 

Paper 

22 kV 

2. 

PVC 

3.3 kV 

3. 

PE 

110 kV 

4. 

XLPE 

33 kV 

5. 

Rubber 

22 kV 
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CHAPTER 4 

LOSSES m THE CABLE 


4,1 AC RESISTANCE OF THE CONDUCTOR 

The ac resistance per unit length of a conductor is given by 


R = R^ 
ac dc 

where 


|l 4- y + y I ohm/km 


( 2 ) 


R. dc resist ance/un i t length at maximum permissible temperature 
dc 

in ohm/km 
y skin effect 

y proximity effect factor 

The dc resistance can be computed from the formula 


R^ = R 
dc o 

where 


1^1 ^ •“ ohm /km 


(3) 


dc resistance/unit length at 20 C 

temperature coefficient of conductor resistivity per at 

20'^C 

maximum permissible continuous temperature in (Table 1). 
The value of R^ at 20'^C for copper and aluminium conductors 
are available in 15:2982-1965 and 1753-1967 or 18:8130-1984 
respectively while correspond i ng to the two conductors is 

0.00393 and 0.00403 per "^C. 

4. a SKIN EFFECT FACTOR 

Due to the alternating magnetic field produced when a 

conductor is carrying alternating current, the current is not 

uniformly distributed throughout its cross section. 

2 

Consequently, there is an increase in I R loss, the net effect of 
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which is similar ta an increase in ohmic resistance of the 
conductor* The skin effect is a function of frequency^ conductor 
cross-section area and permeability. The skin effect factor^ 
which estimates the increase in resistance can be written as 



values of of aluminium/ copper conductors conforming to 

13:8130-1984, the values of k is less than 2.8, Hence the 

s 

formula (5) is applicable for ail practical cases. 

4.3 PROXIMITY EFFECT FACTOR y 

P 

In a cable, due to the conductors being placed close 
together the effect of the field due to the return conductor 
cannot be ignored. The effect of this field is to distort the 
current distribution in the conductor. This effect is again 
similar to an increase in resistance. Proximity effect is more 
predominant for large conductors, high frequencies and close 
proximity. In cables, the proximity effect is relatively more in 
three core cables than in single core cables. 
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The proximity factor, y can be written as 


" (-p] , , 

/ Qnfk 

where x = / — = — x 10 

P ^ "dc 

k is a numerical factor which has a value of 0«© for 


P 

stranded conductors^ dried and impregnated conductors and 1,0 for 
un impregnated conductors of both solid and stranded types* The 
above is applicable for all conductors eKcept for hollow and 
segmental conductors . 

The above values are experimentally determined for Cu 
conductors, and also recommended for A1 conductors. Whether the 
value of is affected by stranding or impregnation, is not well 

explained in these two references. 

The proximity effect factor for various types of conductors 
can be computed as following: 

(a) For two stranded circular conductors carrying single phase 
current, that is for two core cables and for two single core 
cables : 


(b> 


ot^G(X ) 

y = 2 ^ 4 

^ 1 - O! A(X ) - a B{X ) 

P P 

For three stranded circular conductors carrying three phase 
currents : 


(c > 


1.5 ot^G(X ) 
P 

1 - :r5- ot^H(X ) 
14 p 


For three stranded sector shaped conductors 


carry ing 


( 8 ) 


three 


phase currents : 


y 


P 




for three stranded circular conductors 
carrying three phase currents 


1 


I 

i 


(9) 
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id) For four stranded sector shaped conductors carrying three 
phase currents fourth core idle : 
ot^G(X ) 

y = E 

P 1-1- ot^H(X > 

4 p 


( 10 > 


where ex is defined as: 

d (diameter of circular conductor or equivalent circular conduct 
c J 

d Thickness of Insulation between conductor 
c 

Furvetian GCx > 

P 


liK 


For O < K <1.7 
P 


GCk > = 


704 4. 20 K 


and for 1.7 < x <5 
P 

G(x ) = 1.45755 - 3.01244X 2.37367 - O.S7&292x^ 0.17342x'^ 

P p p p p 

- 0.0176942x^ 4- 0.000733857x^ 

P P 

Function ACx > 

P 


For O < K <1 « 7 
P 


8x 


= 24 " 


700 + 19x 


4 


and for 1 .7 < x <5 
P 

A(x ) = 0.572847 - 1.07138x + 0.7725SOx^ - 0.222146x^ 

P p p p 

0.0297573x^ - 0.00154569x^ 

P P 

Function BCx > 

P 


B(x ) = O 
P 


For O < X <1.4 
P 

For 1.4 < X <9 
P 

B(x ) = -0.0204565 -»■ 0.06271i6x - 0.0582560 x^ + 0.02i2377x^ - 

P p p p 

0.00359679x^ + 0. 000287892x^ - O. 00000891 i09x^ 

P P P 

F(x ) 

and the function of H(x ) = ^r r — - t where the function F{x ) is the 

p G ( X > s 


skin effect factor. 
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CHAPTER 5 

DIELECTRIC LOSS 


The dielectric loss, , in a cable is given by 

y. - 6} CU^ tan <& Watts/ km (11) 

d a 

uihere = 2f?:f radians/s 

C = capacitance per phase of the cable in ^iF/km 
Voltage to earth in kV (operating voltage) 

(It should be noted that in an unearthed system the voltage 
to be considered is the line to line voltage of the system even 
if the cable is screened). 

tan S = Dielectric loss factor at power frequency, maximum 
permissible operating temperature and operating voltage, 
5.1 CALCULATION OF CAPACITANCE 


C = 


Capacitance per phase of a screened core cable is given by 
.uF/km (12) 


181 


n f— 1 
^ [dc J 


where 

s = Relative permittivity constant of the dielectric 

d. = External diameter of the insulated conductor (core) 

I 

excluding screen and semi conducting layer, 
d^ = Diameter of conductor including semi conducting screen, if 
any . 

The same formula can be used for oval conductors if the 

geometric mean of the appropriate major and minor diameters is 

substituted for d. and d . 

1 c 

In case of sector shaped conductors the same formula can be 
employed if dimensions of equivalent circular conductor are 
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plastic cables, particularly XLFE, beco^ning popular, cables with 
concentric conductors are gaining popularity. 

A study of the literature shows considerable variations in 
relative permittivity and tan <5 for various types of insulants. 
Table III below gives the average values of permittivity and tan 
S for computing the capacitance per phase and dielectric loss in 


cables. 
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Table III 

Average value of Relative Permittivity and S 
of various insulants 


s. 

No. 

Type of Insulation 

Re 1 at i ve 
Permittivity 

tan S 

1 . 

Impregnated paper 

3.8 

0.010 

2, 

PVC 

6>.0 

O. lOO 

3. 

Rubber 

3.8 

O.OlO 

4. 

PE 

2.3 

0.001 


5. 


XLPE 


2.3 


0.008 
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CHAPTER 6 

S^EATH/CONCE^iTRIC CONDUCTOR (SCREEN) POWER LOSS FACTOR 


This is applicable only for cables used in ac system. The 
factor is defined as the ratio of sheath/screen loss to the 
total power loss in all the conductors in the cable.. The power 
loss in sheath/screen consists of losses caused by circulating 
currents X' and eddy currents X“ - Only for cables with large 
segmental conductors and for multicore cables with common sheath 
the losses due to eddy currents in the sheath should foe taken in 
to account - 

In case of single core cables, formula for X^ is given for 
single circuit, the effect of earth return path is neglected. 
When cables are bonded at both ends, the losses caused by 
circulating currents are large as compared to losses caused by 
eddy currents. Hence only losses caused by circulating currents 
are considered, except in the case of large segmental conductors, 
where both the losses are essentially computed. For cross bonded 
installations, ail the small sections can not be considered to be 
electrically identical, thus causing some circulating currents. 
However if the exact details of crass bonding is not available, it 
can be assumed that small section are electrically identical and 
losses due to eddy current need only be considered. 

Hence, an electrical section is defined as a portion of the 
route between points at which sheaths or screens of all the cables 
are solidly bonded. 





( 14 ) 



The electrical resistivities and t emperature coefficients for 
metals commonly used for sheath/screen material are given in Table 


IV, 


Table IV 

R^cammendt&d values at p and ck at sbeath/screen materials 

s s 


S.No 

Metal 

p in ohm mm^/m or 
10 ohm m at 20 

in per u 

at 20"^^ 

1 , 

Conduc tors 




Copper 

0.017241 

0.00393 


Aluminium 

0.0282<b4 

0.00403 

2. 

Sheath/Sc reen /Armour 




Lead or Lead Alloy 

0.021400 

0.00400 


Alum in ium 

0.02845 

0.00403 


Steel 

0. 13800 

0.00450 


6-1 SHEATH/CONCENTRIC COHDVCTOR C SCREEN! RESISTANCE R^z 

The sheath/concentric conductor resistance given by: 


R = 
s 


p 1 

L + a. 

f n 

X lO^x 


s 

Li _Jj 

1 


ohm/km 


( 15 ) 


where 


Electrical Resistivity of the material at 20 c is ohm 


mm /m 


ot 


Temperature coefficient of the material at 20 c is per 


B 


Sheath/concent ric conductor temperature in C 


A 


Cross sectional area of sheath/concen t ric conductor 


Numerical factor to take into account the actual length 
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Value of k. 

1 


For lead/Aluminium extruded sheath — = 1,00 

For st ee 1 /Aiufnin ium wire or strip - = 1*10 

The computation of the she ath /concen t r i c conductor 


temperature can be done by the general formula given below: 


a = Aa 

5 C 


Sum of thermal resistance upto sheath/concent r ic 
conductor starting from the surrounding medium 


G. Sum of thermal resistance upto sheath/ 
1 


n 


concentric conductor starting from the 
surrounding medium 


e 

an 


<16> 


Thus for a PILC cable 


e = AB 


(G G + G^) 
8 s b 

"G-; 


^ B 


amb i en t 


(17) 


n 


S G 
e s 


The sheath/concent r ic conductor loss factor for different types 
of ac cables is determined as described below: 

SHEATH/CONCENTRIC CONDUCTOR LOSS FACTOR FOR SINGLE CORE 
CABLES 

Three Single Core Cables Trefoil Forination and Two 
Single Core Cables^ Sheath/'Concentric Conductor Bonded 
at Both Ends* 

In this case eddy current losses are small and can be 
neglected except for the large segmental conductors* Therefore^ 


R 


ac 


i + 


pf)' 


(18) 


where 

X = inductive reactance of sheath/concen t r ic conductor per unit 


length of cable 
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X = 4?Tf . In Ip — ^ jlO ohm.krm 


(19) 


tA/here a = axial distance between conductors (mm> 

d = mean diameter of she ath /concent ric conductor <mm> 
s 

61. 3 Three siogie core cables in fiat formation^ bonded at 

both ends 

As in the case the eddy current losses can be 

neglected in this case too. However, the transposition of cables 

shall affect the circulating current losses. Assuming the middle 

cable equidistant from the outer cables? 

a. Cables with regular transposition: 

R 




ac 


1 + 




( 20 ) 


where 


= Inductive reactance of sheath/concen t r ic conductor per unit 


length of cable 
X. = 4?7f In 


-4 

10 ohm/km 


(21 ) 


b* Cables without transposition: 

The outer cable, carrying the lagging phase shall have the 
maximum sheath losses. The rating for cables should be based on 
extreme conditions, therefore the sheath loss factor for this case 
should be considered, hence the factor is given by the 


following formula 

R 

X. 


R 


ac 


3 2 

4 


4 - 4 - 


2R P Q X 
s m 


2 2 22’ 22 22 

R P R +Q (R (R^4-Q^> 

s s s s 


( 22 ) 


where 


X + X 


m 
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X 


Q 

X 

X 



Mutual reactance between the sheath of an 
and the conductors of other two cables per 
of cable. 

4??f . In (2). 10 ^ ohm/km 


outer cable 
unit length 


Single core cables with sheath/concen trie conductor 
banded at a single point or cross bonded. 

As there will be no circulating currents in these cases^ only 
eddy current losses are needed to be considered. Therefore, = 


'-'i 


R 


ac 






4 , 


12 . 10 


12 


<23) 


where 


± ^ 1.74 




'’i 


y 




D 

s 


t 

s 


Mote s 1 . 


electrical resistivity of sheath/concen tr i c conductor 

2 

material at working temperature in ohm mm /m (Table IV) 
External diameter of cable sheath /cone en t r i c conductor 
in mm 

Thickness of sheath/concent ric conductor in mm 
For lead sheath cables g^ can be taken as unity and the 
second term in formula (23) can be neglected. Hence this 
formula effectively redutze^ to 


X 


1 


R 

s 

R" 


ac 


2 . 



For 


X (1 A, 

o 1 


Alum in ium 


sheathed /concent ric 


(24) 

conductor cables upto 


sheath diameter of 70 mm the formula given above in Mote 
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1 can be used. However, for sheath diameter above 70 mm 
and for unusually thick sheaths the formula (23) should 
be used- 


Formulae for , A^ are given below 

(i) For three single core cables in trefoil formations 

2 


X = 3 
o 




+ 0 




(0.92m+i ,66> 


^ = 0 

, ^ —A 

where m = 10 

s 

/jJ = 2?Tf 

(ii) For three single core cables in flat formation 

The value of X , which determines the effective value of X. 

o’ 1 

depends upon the position of the cable. As given in the value of 
X works out to be maximum for the middle cable. Hence the value 

Q 

for the middle cable is recommended for computation in this case. 


X ~ A 
o 




(1 .4m+0.7) 






= 0 


A. Mi 


6* 3 SHEATHXCOMCENTRIC CONDUCTOR LOSS FACTOR X^ FOR MULTI CORE 

1 

CABLES 


6® 3, 1 Three Core Unarmoured Cables With Common Sheath 

The power loss in the sheath/concentric conductor in this 
case will be contribute only by the eddy CLxrvent^ as the losses 

due to circulating currents will be negligible. The loss factor 
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is calculated as following; 

For sector shaped conductors 


•A.^ = X" = 0 


r- 

ac ^ 


2t, 


](- 


1-^ 


ft “•)' 


) 


(26) 


where d = mean diameter of sheath mm 
s 

t = thickness of sheath mm 
s 

^ = thickness of belt insulation (if any) mm 

o 

For circular and oval shaped conductors when is less 


than or equal to 1 ohm^km 


3 R 


X = > •* = 

1 1 


R 


ac 




-ft -7 


dif- 




1 

2 

41 J 


(27) 


-'*1^ 1®''] 


and when R is greater than 0,1 ohm/km 
s ^ 


N = >■! = 


3.2oj 

R R 
ac s 




10 


‘8 


(28) 


where c = distance between axis of one conductor and the axis 

of cable. 

c = l,16xCore (insulated conduc tor ) d i ame t er 

= 1.16 <d + 2t . > mm 
c 1 

= 1.16 d . 

1 

8 Two Core llnarmoured Cables with Common Sheath 

The circulating current losses will be negligible as in 
6.3. !• Only the eddy currents will contribute to power loss in 
the sheath. 

O, 3% 2.. 1 For sector shaped conductors 


o 2 f i.48 r. + 2t.l2 

*1 ^ ^ ^ ^ ^ t 31 1 * 

‘^1 " R R d , 

ac s s J 
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where 



t . 
1 


a. 3* a« a 



f 1.48 r. + 2t.'] 

■^1 

12.2 + 

X X 


ri 



s J 



= radius of the circle c i rcumscr ib ing the 
conductors 



= Thickness of insulation on the conductor cnm 
(Core insulation) 

For circmelar and oval shaped condtictors 


C29) 

two shaped 


= X” 


16 10 

R R 
ac s 


^ (61 


(30) 


6f%3^3 Three and two core cables with common sheath and steel 
tape armour 

The steel tape armour increases the eddy current losses in 
the sheath. The value of calculated in 6.3.1 and 6.3.2 are 
suggested to be increased by the factor for steel tape armoured 
cables. This factor is calculated as following; 


1 4- 




1 4 




(31 ) 


where d = mean diameter of armour mm 

^ = relative permeability of steel tape (usually taken 

as 300 ) 

S = equivalent thickness of armour 
A 


d n 
a 


mm 


A = Cross-sec t ional area of armour mm"^ 
a 


For the wire and strip armoured cables, the effect of 
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armour induced voltages on sheath power loss can be 
neglected. Such cases can be dealt as unarcnoured 
cables. 

6*. 3^ 4 Cables with separate lead sheaths and armotired 

For three core SL and HSL type of cables the eddy current 
losses can be neglected. Hence the loss factor is given by 
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CHAPTER 7 

ARMOUR LOSS FACTOR a ^ 


The armour loss factor is defined as the ratio of losses 

in the armour (also known as reinforcement) to the total power 
loss in all the conductors in the cable. 

The energy loss in the magnetic armour reinforcing the power 
cable arise mainly due to eddy currents induced in the armour by 
electro-magnetic field created due to alternating currents in the 
conductors^ hence it is applicable for ac cables only. In 

magnetic armour materials, there will also be significant 
hysteresis losses due to the same electromagnetic field. The 
total armour loss comprises of the hysteresis and eddy current 
losses. Therefore 

X2 = >-2 - ^-2 

where takes care of the loss due to hysteresis and X^ of the 
eddy current losses. 

7*1 ARMOUR RESISTANCE R 

a 

The armour resistance is given by 


R 

a 

where 


p 

1 + ot 

(e - 20I 

a 

a 

-L^ _J_ 


A 


X 10 >< k, ohm/km 
1 a 


(33) 


ot 


Electrical Resistivity of armour at 20'^C in ohm mm /m 
(Table TV) 

Temperature coefficient of armour material per at 

20°C (Table IV> 


Armour temperature in 
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A Cross sectional area of armour in mm 

a 

k, Numerical factor to take into account the actual length 

la 

of armour per km length of the cable 
The armour temperature 0 ^ can be determined in the same uiay 
as in 6.1 and it is given by 

(g ^ G 1 

<x = A<9 “ 15 =: — ^ ambient (34) 

* ' . s * s . sj 

Si e s bj 

The numerical factor k^^ depends upon the type of armouring, 
(i) For wire/strip armour^ 

= / * [Iwf 

where LR = is the lay ratio 

(ii> For tap© armour 

100 

^la (100!4 gap in the tape) 

100 

(lOOy^ overlap in the tape) 


7.2 FOR NON-MAGNETIC ARMOUR 

In case of non-magnetic armour as there will be no hysteresis 

loss in the armour, the general procedure is to combine the armour 

resistance R in parallel with the sheath resistance R to 
a s 

determine the eddy current losses. The formulae given in clause 6 

are used with the equivalent parallel resistance in place of 

single sheath resistance R and the root mean square value of the 

s 

sheath and armour diameter in place of mean sheath diameter d , 

s 

This procedure is applicable for all types of cables. 
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7.3 FOR MAGNETIC ARMOUR 


7.3.1 Three Core Cables with Steel Wire/^trlp Anfuamr 

In three core power cables the armour losses are consider ab ly 
low compared to single core cables. The value of relative 
permeability recommended for steel wire/strip armour is 300, 
u^hereas for steel tape it is 3000“~5000, considering a constant 
value of , This is the reason that hysteresis loss in case of 
three core, steel wire strip armour may be neglected. Thus = 



7. 3. 1.1 

= 0,358 


Sector shaped conductor cables 



(35) 


where d ® mean diameter of armour mm 
a 

7.3. 1.2 Circular conductor cables 
a. Common lead sheath 




= 1.23 


R 


ac 


B' 


1 


2.77 R 10" 
a 

oa 


(36) 


b. Separate lead sheath <SL) cables 

The screening effect of the sheath currents reduces the 
armour loss. The formula (36) given above is recommended to be 
used after multiplying by a factor (1 - ) where X^ is obtained 

from sub-clause 6,2.1 formula (18), 

7.3.2 Three Core Cables with Steel Tape Arwtouar 

In this case both the hysteresis as well as the eddy current 
losses should be considered. These combined losses computed for 



27 


power frequency of SOHz are given as below 


ac a 


(37) 


where k is given by 
1 


1 4 - 


^6 


For frequency other than 50 Hz the value calculated from (37) 


must be multiplied by the fact 


•' (y- 


7 ^ 3 . 4 

As 

can be 


^2 = ^2 


Two Core Cables with Steel Wire^trip Armyxir 
explained in Clause 7.3.1 the hysteresis loss in this 
neglected. The eddy current loss is given as followin 

i.48r,+2t. 1 

1 1 

+ 95.7 A 
a a J 


3.82 A 10 
0.62oa 10 ^ a 


R R 
ac a 


ac 


case 

9 : 


(38) 
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CHAPTER 8 

THERMAL RESISTANCES WITHIN THE CABLE 

Thermal resistance offered to the flow of heat from the 
conductorCs) to the outer surface of the cable depends upon 
thermal resistivity of the materials and the geometry of the 
cable. The thermal resistivity of the cable insulation materials 
and the particular surrounding materials (filling) are given in 
Table V. The formulae for the computation of thermal resistances 
of different parts of the cables under consideration are given as 
fol lowing . 

Table V 

Thermal Resistivity of Insulation and Protective Covering 
Materials 


S. No. 

Material 

Thermal Resistivity 
C°C cn^W) 

1 

Impregnated Paper 

550-600 

2 

PVC 

500-650 

3 

Polye thy i ene 

350-400 

4 

Crossl inked Polyethylene 

350 

5 

Fibrous bedding materials 

600 

6 

Hessian Outer Serving 

600 

7 

Natural Rubber 

500 

8 

Silicon Rubber 

550 

9 

Butyl Rubber 

500 

10 

Ethylene Propylene Rubber 

550 

11 

Nitrite Butyl Rubber 

500 

12 

Poly Chloroprene Rubber 

550 

13 

Siass Fiber Braid 

600 
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8*1 THERMAL RESISTANCE OF INSULATION COIELECTRIO 


8*1*1 Single Core and SL Type Cables: 

. 2t, 


G. = „ 

X 2n 




C em/W 


whe re 


<39) 


o Thermal resistivity of insulating material in cm/W 

t. Thickness of insulation in mm 
1 

Notei In this entire routine 8, the thickness of extruded 

semiconduc t i ve layer^ if any^ should be included uiith t^ instead 

with d • 
c 

Circijlar conductor belted cables 

p. 

G. = G, cm/W (40> 

1 277 1 

whe re 


G, is Geometric factor which is a function of the H. formula H 
i ^ I e 


and the simon correction factor G 


si’ 


G = HG - 
1 si 


The geometric factor for multicore belted cables is given 
by simon. It is a function of two independent variables. These 
variables for entry into each of the computer routines are X and V 


whe re 

t . 4- t 

X = ^ 


^ V 

and Y - 


t , 

c 1 

and the value of G^ is obtained on exit from each routine- 
The M. formula for two, three and four core cables is as given 
„ , 1 - Of? + 

M = In — > 

a-/? 

where « and (9 are given as following for two core cables 
i 


<4i> 


a = 


rr 


1 + 


l+Y 
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For four core cables 

1 



The Simon correction factor G , is a function of two 

s 1 

independent variables X and Y as defined above, denoted by 
(X,Y). For the computation of <X,Y>, the quadratic 

interpolation method is suggested. 

For two core cables 


G (X,0> = 1.06019 - 0.0671778X + 0.0179521X^ 

S i 

G^j(X,0.5> = 1.06798 - 0.065i648X + 0.0 15825 X^ 
G^j (X,l) = 1.06700 - 0.0557156X + 0.0123212X^ 
For three core cables 

G^j(X,0> = 1.11083 - 0.0996778X + 0.0229169X^ 

G (X,0.5> = 1.10713 - 0.0750019X + 0.0139655X^ 

S 1 



1.09831 
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For four core cables 

G ,<X,0) = 1.11083 - 0.099677aX + 0.0229189X^ 
s 1 ’ 

G ,(X,0.5> = 1.10713 - 0.0750019X + 0.0139&55X^ 
si ’ 

G ,{X,1> = 1.10284 - 0.0620597X + 0.0107582X^ 
sl ’ 

The values of G^^(X,Y> may be obtained by quadratic 

in terpol at i on using the following formulas 

G ,<X,Y) = G ,(X,0) 4- Yr-36~,(X,0) -4 4G ,(X,0.5) - 
sl ’ sl ’ [ sl ’ sl ’ 

r 2G-,(X,0) - 4G ,<X,0.5) + 28 ,(X,1) 

[_ sl ’ sl ’ sl ’ 

For circular conductor screened cables 
The value computed by formula (40>, given in sub““clause 

8,1,2.1 is multiplied by the screen correction factor ; hence, 

p. 

G. = G,S„ *^8 cm/W {41> 

1 2^7 1 2 

The formula used in the computer routines for computation of 
has been obtained by curve fitting applied to graphical values, 
is a function of two independent variables X^ and Y^ given as 

below : 



c 


where 



t 

sc 

^sc 

The value 
for 0< X^ 
S^CX^ ,0.2) 


Thickness of metallic screen/concentric conductor mm 
Thermal resistivity of metallic screen/concentric 
conductor material in “^C cm/W (Table V) 

of ^Xj,Y^) is obtained again by quadratic interpolar 

< 6 


O . 998095 


0.123369X^ + 0.0202620X^ - 0. 001 41(S67X^ 
O.OS98589Xj^ + 0.0120239X^ - 0 .000722228X^ 


0.999452 
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S2(X^,1) = 0.997976 - 0.0528571Xj -4- 0.00345238X^ 
for 0< X^ <25 

S2<X^,0.2) = 0.824160 - 0.0288721Xj + O . 0009285 1 1 X^ 
S2CX^,0.6) = 0.853348 - 0.0246874X^ + O . 000966967X^ 
= 0.883287 - 0.0153782X^ + 0 .000260292X^ 
The value of S^(X^,Y^) = S2<Xj,0.2) 

2 

Z E-3S_(X ,0.2)+4S (X ,0.6)-S (X ,1,0)3 + Z C2S (X 

ijti ju X X jC L 

4S2{X^,0.6) 1.0)3 

Where ^ 


- 0.0000137121X^ 

- 0.0000159967X^ 


f 


0 . 2 ) ~ 


8*1*S*3 Slrjaped conductor belted cables 

In this case the value of computed by formula <40) given 
in sub-clause 8.1.2.1 is multiplied by the Sector Correction 

Factor • Thus the formula for 6^ is : 

P; 

G. = =— G.S, cm/W (42) 

1 2?7 i 1 

where = Sector Correction Factor 

S. is a function of two independent variables. and Y_ 

1 2 2 

given below. It is suggested to be computed with the help of 
linear in terpol at ion • 





t 


b 


2t , 


1 


where d^ in case of sector shaped conductor is the equivalent 

diameter of the circular conductor after taking into 
account the effect of lay and in case of oval conductors 
= y^ajor axis X Minor axis 
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far two core cables 

< 0.4 

S^(X2,0-5) = 0.364725 + 2.17407X2 - 4.70957X2 + 3.94748X2 

2 3 

S^(X2,1.0) = 0.349795 + 2.56709X2 - 6.34630X^ + 6.33862X2 

0.4 < X 2 i 1-6 

S. (X^,0.5> = 0.587061 + 0.467744X„ - 0.278245xJ + 0.0585659x5 
12’ 222 

S.(X^, 1 . 0 ) = 0.600138 + 0.54551iX_ - 0.362536X? + 0.0856639x5 

1 2 2 2 2 

for three core cables 

< 0.4 

S,{X^,0.5) = 0.384333 + 2.24410X„ - 5.25992x5 + 4.90519x5 

1 2 2 2 2 

S^(X2,1.0) = 0.390339 + 2.42938X2 - 6.30983X2 + 6.59533X2 

0.4 < X 2 1.6 

S^(X2,0.5) = 0.585762 + 0.550242X^ - 0.359514X2 + 0.0830415X 

S^(X2,1.0> * 0.626273 + 0,466385X2 - O. 26888 OX 2 + 0.057i091X 

for four core cables 
X 2 ^ 0.4 

Sj(X2,0.5) = 0.461412 + 1.83393X2 - 4.26606X2 + 4.18568X2 

S^(X2,l-0) = 0.450545 + 2.04024X2 - 4.93175X2 + 4.89309X2 

0.4 < < 1.6 

Sj(X2,0.5> = 0.642645 + 0.424146X2 - 0.215233X2 0.0372956X2 

S^(X2,1.0) = 0.665106 + 0.368835X2 “ 0.151572X2 -»■ 0.0154424X2 

The value of S^(X^, = Sj(X^,0.5> + 2.0(y2 - 0.5) 

(Sj<X2,1.0) - S^(X2,0.5)> 

For shaped conductor screened cables 
The value of computed by formula <42) in sub-clause 

8. 1.2,3 is multiplied by the screen correction factor S" for 


shaped conductors : 


Kl Oi K) CM 
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The screen correction factor is a function 
independent variables and described in sub-clause 
and dc the equivalent diameter. 


(43) 

of two 
8 . 1 . 2.1 


0 < X^ < 3 


,0.2) 

= 1,00169 - 0.0945X^ ->■ 0.00752381X^ 

S2(X^,0,6) 

= 1.00171 - 0.0769286X^ + 0.005371X^ 

S2<X^ ,1.0) 

= S2(X^,0.6) 


3 ^ < 1.6 S^(X^,0.2) = S^(X^^0.6) are given by the same 

formulae as far 0<X^:<3. 

= 1.001i7 - 0.0752l43Xj + 0.0053334X^ 

S < <25 


2 


S2(X^ 

,0.2) 

= 0.81164 - 

0.023a4i3X^ 

+ 0.000994933Xj + 0.0000155152X 

S^(X^ 

,0.6) 

= 0.833598 

- 0.0223155Xj 

+ 0.000978956X^ + 0.0000158311 

S^(X^ 

,1.0) 

= 0.842875 

- 0. 0227255 X^ 

+ 0.00105825X^ + 0.0000177427X 


The value of S^(X^^Y^> is once again calculated in the same 
way as given in the end of sub clause 8. 1-2.2. 


a. a THERMAL RESISTANCE OF BEDDING CINNER SHEATHINGS G, 

b 

Thermal resistance of heeding (inner sheathing) depends upon 
whether cable is having a common metal sheath or separate 
sheaths/ concentric conduc tors/screen . 

a^a^i Single Core Cables or Multicore Cables with Coiiwian Metal 

Sheath? 

^ In 1^1 + g j °C cm/W (45) 


I4hs re 
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Bedding (inner sheathing) thickness in mm 
Diameter below bedding (inner sheathing) 

Note z The above formula is valid for all the cases where a 
cylindrical surface is available below the bedd ing/ inner 
sheathing. 


8^ 2% 2 Separately metal sheath CS1»> ^ concentric conductor ^ 

Screened, circular conductor cables 
In this case thermal resistance of f i 1 1 ing/warming material 
has to be computed along with the thermal resistance of 
bedding/ inner sheathing. This will depend upon whether 
sheaths/concent r ic conductors are touching or sheaths are having 
equal thickness of bedding material between sheaths and between 
sheath and armour. 


G 


b 



■^C cm/W 


(4i>) 


where = geometric factor to take into account. 

Thermal resistance of filling material sheaths/concentric 
conductors/screens are touching. 

O < < 0.03 G^ = 2?t (0,00022619 + 2,il429X^ - 20.4762X^) 

0.03< X,< 0.15 = 2rr(0. 0142108 + 1.17533X - 4.49737X:f + 10.6352X 

3^1 

where X_ = 


When sheaths are having equivalent thickness of bedding between 
sheaths and between sheaths and arniour 

for O < X^ < 0.03 Gj = 2rT ( 0 . 000202380 + 2 .O 3214 X 3 - 21 .6667X^> 

and for 


0.03< X_< 0.15 G. = 2n(0. 0126529 + I.IOIX - 
3 1 


4.56104X^ + 11 . 5093 X 2 ! 



Z6 


8.3 THERMAL RESISTANCE OF SERVING COl/TER SHEATHING> G 

s 

Since the serving / outer sheathings are generally in the 

form of concentric layer(s)^ the thermal resistance is given by; 

2t 

3—^1 °C cm/W (47) 

^bs-^ 

where 

p Thermal resistance of ser v ing/outer sheathing material 

as 

cm/W) 




bs 


6n 


In 1 


t Thickness of serving / outer sheathing (mm) 

s 

d Diameter below serving/outer sheathing (mm) 

bs 
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CHAPTER 9 

EXTERNAL T^CRMAL RESISTAl^E (THERMAL 
RESISTANCE OF SURROUNDINGS OUT - S9DE THE CABLE) % 


The common practice in India is either to lay the cable in 
air or to bury in the ground. Cables are also laid in covered or 
uncovered t renches/troughs , such cases can be dealt either as 
cables laid in ground or air depending upon whether the trough is 
filled or not. Effect of solar radiation on cables laid in open 
air should also be taken into consideration. 

9.1 CABLES LAID IN GROlWD C BURIED IN GROUND! 


9. 1 . 1 


Single Isolated Buried Cable 


G = ^ In (U + 
e 

where 




C cm/W 


(48) 


thermal resistivity of solid cm/W 

(Although it varies from place to place^ usual practice 
is to consider it as 150*^0 cm/W> 

?k 

D 

e 

distance from cable axis to the surface of the ground in 
mm 


U 

L 

D 


external diameter of the cable in mm 
Equally Loaded Identical Cables 
(a) Two cables touching each other in flat formation 


e 

9^ 1 * e 




j^ln (2U) -0.451 )J "C c«n/W 
(b) Two cables spaced apart 

» . ^ in fu . 1 in f, . 2L1 =c 


<491 


2?t 


I V 


J 2 I 


cm/W 


(50) 
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where = aKial distance between cables in mm 

(c) Three cables in flat formation touching each other 

.475 In <2U> - 0.346^ °C cm/W <51 

(d) Three cables in flat formation equally spaced apart in 
horizontal plane. (For the cable having maximum sheaths loss 
i.e. outer cable with lagging phase). 

^ |ln |u In jj- cm/W (52J 

(d) Three cables in trefoil and touching formation with metallic 

sheathed . 

1 .5p 

G = i 

e n 

with metallic sheathed cables 

^ In ^(2U> + 2 In (u)j cm/W (54) 

Mote s L is measured from the centre of trefoil group and is 

external diameter of any one cable. 

(e) Cables buried in t roughs/ trenches : 

Under this condition, there is always a danger of sand 

becoming dry. Thus can be computed with the help of any 

formula given above from 47 to 54 (whichever is applicable) 

except that p is taken as 250^C cm/W in place of iSO^C cm/W. 
e 

(f) Group of cables 

When group of equally loaded identical cables are placed 
together, the thermal resistance taken for current rating 
purposes is that of the hottest cable in that group. It is 
usually possible to decide from the configuration of the 
installation which cable will be hottest^ but in case of 
difficulty a further calculation for another cable may be 


In }(2U) 


0 . 63 oj °C 


cm/W 


(53) 
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necessary . 


The method is to compute modified value of G tA/hich takes 

e 

into account mutual heating of the group, the temperature rise 
from all cables except the hottest cable of the group being taken 
as that due to line sources at the cable centres and together with 
that due to line sources of equal magnitude but opposite sign, 
located at the mirror images of the cable centres with respect to 
the solid surface* 

The external thermal resistance for the hottest cable of 


a group of q cables is given by 




Where 


{'■ (" -s-sm} 


C cm/W (56) 


dp 


9. a 


distance between axis of cable under cons ider a t i on and 
axis of the reflex image of kth cable in mm 
distance between axis of cable under considerat ion and 
axis of the kth cable in mm* 

CABLES LAID IN AIR G 

e 


Thermal resistance of surrounding air depends upon whether 
the cable is exposed to direct sun or it is protected from the 
direct solar radiation. 

S* 1 Cables Protected from Direct Solar Radiation 

Thermal resistance of surrounding air is given by 
-2 


1x10 


urD^h 

e 




/4 


where 


h = 




X- cm/W 


+ B 


KO / ; 


^ -3 

D = D X 10 
8 e 
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Z, 9 and B are constants depending upon the mode of 

laying^ and are given in table Mo, VI 

2 

h = Heat dissipation coefficient M/m 

AB = cable surface temperature above ambient 
s a 

temperature. It is calculated as following 


= 


nU* h 
e 


Kj;:? - [- 


S 


a ^ 


A sa Jn 


/4 


1/4 


where is surface teftiperature rise due to dielectric loss alone. 






G . - 






Thus when dielectric losses are neglected = O. The above 
equation can be solved with iterative method by giving initial 


value of \aB 

sa Jn 


/4 


=2, till 


l. sajn+i ^ sajn 


/4 


becomes < 


0 . 001 . 


S Cables I}xrGctly exposed to Solar Radiation 

In this case the heat received by cable from solar radiation 
further limits the permissible temperature rise of conductor above 
ambient. Thus the revised formula for current rating should be as 
f ol low i ng : 



- Temperature rise of conductor because of heat absorbed 

by the cable surface from solar radiation. 

^ ^ -2 

k = O' 0 H G 10 
a e e 
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H 


G 


absorption coefficient of solar radiation for the cable 
surface.^ the usual recommended values are? 

Bitumen/Jute serving -0.8 

Polychloroprene ~0. 8 

PVC -0.6 

Polethylene -0.4 

Lead -0.6 

Intensity of solar radiation. It varies u/ith latitude of 

the place, but in the absence of local value of H, it 

can be taken as 10 W/m . 

External thermal resistance of free air, adjusted to 

take into account the solar radiation. 

1 


¥r 

nU h 
e 


/4 


C cm/W 


(59> 


AS 


sa 


cable surface temperature above ambient temperature 

after absorbing solar radiation. 

( AS . can be calculated as following 

s ajn-^l ^ 

1/4 

[^^s'ajn+1 


1/4 


AS + <p, + S 
c d s 


1 + K, 


1/4 


Q 1 V mg initial v 
becomes < 0.001 
whe re 


-h 

k * 

s ajn 





on 

can be solved 

with 

iterative 

method 

by 


r .1/4 



f 

1/4 

of 

= 2 

s ajn+i 

till 

K'ajn.r 

A© , 

1 s a. 

In 








a factor by which cable surface temperature is raised 
because of solar radiation 

" °b " ^)] 

a factor by which cable surface temperature is raised 
because of dielectric losses. 
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Mote t If dielectric losses are negligible then and 

becofne zero and these should be neglected from the formula given 
above . 

TABLE VI 

Values tor constants Zj^ B and g for black surfaces of cables in 
free air 


(A) In free air^ installed on non-cont inuous brackets^ ladder 
supports or cleats, not greater than 0,15 m. 


No. 

Inst al 1 at ion 

2 

b 


Mode 

1 

Single cable^ 

0.21 

3.94 

0,60 

>0.3De 

2 

Two cables touching, 

0,29 

2.35 

0,50 

>0.5De 


hor i zon t a 1 





3 

Three cables in trefoil 

0.9£> 

1.25 

0.20 

>0.5De 

4 

Three cables touching, 

0.2i2 

1 .95 

0.25 

>0 .5De 


hor i zon tal 





5 

Two cables touching 

i .42 

0.96 

0.25 

>0.5De 


vert ical 




i 

6 

Two cables, spaced , 

0.75 

2.80 

0.30 

>0.5De 


vert ical 





7 

Three cables touching. 

1 .61 

0.42 

0.20 

1 

>0.1De 


vert ical 



1 

i 


8 

Three cables, spaced 0^, 

1 .31 

2.00 

0.20 

2^>.5De 


vertical 





(b ) 

Clipped directly to a vertical wail 

(0^ not greater than 0,08 m) 

9. 

Single cable 

1 .60 

0.63 

0.25 

j 

10. 

Three cables in trefoil 

0,94 

0.79 

0.20 

1 

i 

-4“ 

Values for a “single cable** 

also apply to 

each cable of a 


group when they are spaced 

horizontal ly 

with a 

c learance 


between cables of at least 

0.75 

t ifftes 

the cable overall 


diameter 
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9.3 CABLE LAID IM DUCTS/TIPES 

The thermal resistance of surrounding medium when cables are 
laid in ducts consists of three parts: 

1, the thermal resistance of air space between the cable surface 

and duct internal surface G" 

s 

2- the thermal resistance of duct or pipe itself (if the pipe 

is metallic it can be neglected ) G“ 

8 

3u the external thermal resistance surrounding the duct 

^ e 

6 = total external thermal resistance for the cable 

e 

8 e e e 

Mote z If the ducts are completely filled with pumpabie 

material having thermal resistivity not exceeding that of 

the surrounding soil, or if the ducts are sealed to preserve 

the moisture contents of the filling material, the system may 

be located as directly buried cables, 

G ' = B 

e 1 O. 1 (q ' + a-A' ) D 

e 

p', q', and r' are given in table VII. 

Ben = the mean temperature of the medium filling the space between 
cable and duct. An assumed value has to be used initially 
and the calculations repeated with a modified value later on 
(if necessary ) , 



where 

O = thermal resistance of duct material cm/W (for metal pipes 
‘ ed 
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it can be taken as zero for non metals values are given in 
Table V> 

D = the outside diameter of duct in mm 

Q 

D, - the inside diameter of duct in mm 
d 

= If duct are buried in ground then this can be calculated in 
the same way as calculated in clause except that the 

external diameter of cable is replaced by external diameter 
of the duct. 

If ducts are embedded in concrete, the calculation of thermal 
resistance is first done with thermal resistivity of concrete as 
100*^0 cm/V4» assuming uniform medium. Later on, a correction is 
added algebraically to take account of the difference, if any, 
between the thermal resistivity of concrete and surrounding soil 
for that part of the thermal circuit. 

The correction to the thermal resistance is given bys 


^ [Pg] In [u^ + - 1>] cm/W 

where 


N 

u 


1 

1 


L 



Y ' 




Y 

d 


Mumber of loaded cables in the duct 
L 

Q 



depth of laying of centre of duct bank in mm 

equivalent radius of concrete bank in mm 

Y' 

e 



shorter side of duct bank section in mm 
longer side of duct bank section in mm 
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Table VII 

Values of Constants p*y g* and r* 


Inst a 1 1 at ion Candit ion 

P ' 

q' 

r ' 

In metallic conduit 

5.2 

i .4 

0.011 

In fibre duct in air 

5 .2 

0.83 

0.006 

In fibre duct in concrete 

5.2 

0.9i 

0.010 

In asbestos cement duct in air 

5.2 

1.2 

0.006 

In asbestos cement duct in concrete 

5.2 

1 . 1 

0.011 

Gas pressure cable in pipe 

0.95 

0.46 

0.0021 

Oil pressure pipe type cable 

0.26 

0.0 

0 . 0026 


Earthenware ducts 


1 .87 


0.28 


0.0036 



46 


CONCLUSION 

The development of algorithm for the computation of 
continuous current rating of power cables (for different possible 
combinations of c i reams tances ) has been done in 8 different parts 
to make it less complex and understandable , These parts then have 
been integrated into the main program. The program was 
successfully tested for different types of cables. With the 
growing diversity in demand on the part of cable users, it has 
become rather difficult for the cable manuf ac tur e rs to cater to 
them appropr i at 8 iy . Any variation in the installation conditions 
causes a change in the current carrying capacity, thereby changing 
the requirements and sometimes even rendering the whole bulk of 
cable inappropr i ate . Also, with the advent of new technology, 
many new types of insulating materials, sheathing materials, 
serving materials etc have been applied, the use of which can 
reduce the cost and increase the efficiency considerably. In the 
absence of any software tool for the computation of the capacity 
of cables, it had been rather time consuming and tiresome for 
cable manuf ac turers to incorporate or even test these changes. 
The software which has been developed in this work, can thus prove 
to be of great help to them and herein underlies the practical and 
commercial importance of this work. 

The rating factors for difference in environment, formation, 
laying etc, have been provided in appendix III and should be 
appropriately applied to cater for different environments and 


modes of installation. 
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APPENDIX I 

ALGiORITHn 


qiArrr Fcn ODrti'UTATioti of cxjttTityuovn ainnrarr 




READ FILH CX)lITAinil ?0 ItIPUT 
DATA Cl CX>Dn 


CatPUTE DC REOIQTAIICE OF 

cx)tiDUcron at cx?K{v\Titio 
TnrpEivm/riG K^ic 


^TYTE 0£^ 
.oYtrriai ^ 


ootipuTE oo nFFiGTAncn [ 

' =— 

3 x: oofPUTE DiEUGcmic Doao v;d 


COrrUTE TTIl71fr\L Rn*JIGTArJCG of ItJSULATlON Oi 



I CX'irUTE 

TircnnAL 

RESIOTANCE 

CF 

DEODirKJ 

% 



3!::| 

COfPUTE 

nirmiAL 

REGIOTAPCE 

CF 

SErtviric 

0 


3Er OOrrUTG TliniUlAb REOinTAUCE OF CJROUnD o 


/TYP E „ 

ODrruTE<^. 


oorpuTB cuTinnrrr riATino of cadle crouiid 


COJPUTE ^lERfVMi RBGIOTAUOS OF AIR O 


capuTH cuRREtrr raticxj of cadlh in ai% i 


corpuTE nn:ruv\L wnioTAUcE or duct o 


OOtPUTE CURREirr RATiriO OF CADLE Xtl DUCT X 
















end of II 

00 TO OOlPUTB o. 









START 
OF III 


DEFINE TIIERMAD RESIS- 
TANCE OF INSULATING 
MATERIALS 


BBLTEDpmril^ 

cone cri 

SCREEt f2D TYPE 


_smOLEL_OCLBJE 
TYPE CABLE 


COMPUTE THERMAL RESISTANCE 
OF CIRCULAR CONDUCTOR 


CABLE 


1 



COMPUTE G 

1 

1 


S11AP_EIT/^ SHAPE OFX CIRCULAR 
CONDUCTOR T 


COMPUTE SEC-, 
TOR OORRECTION 
FACTOR S, 


CABLE 

sTYPE 


SCREENED 


SCREENED/ 


COI^UTER SCREEN 
CORRECTION 
FACTOR 8«’ 


CABLE 

TYPE 



COr-fPUTE SCREEN 
CORRECTION 
FACTOR S^ 


COMPUTE FINAL VALUE OF O. 


END OF III 
GO TO COMPUTE 
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APPENDIX 2 

Rating factors 


For Envl ronrnent and dUferont formations 8< Laying/Spacing 

1. Rating lactors lor variation In ground lomporolure 


Orouful TfirnpornliHfi''0 

15 

70 

30 

35 

AO 

>15 

Holing (odor 

1.17 

1.12 

1.06 

0.9^ 

0.67 

0.79 


1. Baling laclors for variation in ambient air lemperalure: 


Air lompornluro *C 

26 

30 

35 

40 

45 

Rating factor 

1.25 

1.16 

1.09 

1.00 

0.90 


1. Rating faclors for variation In ground lomporaluro 


VoiLago 

Doptli of loying-Cm 

75 

90 

105 

120 

150 

160 


Holing loclor 

1.00 

0 09 

0.00 

0.97 

0,96 

0.95 

1.1 kv 

Abovo 25 mm& up to 300 mrn’ 

1.00 

0.98 

0.97 

0.90 

0,94 

0.93 


Ahovo 300 turn' 

1.00 

0.07 

0.90 

0.95 

0.92 

0.91 

3 3 kv 








6 .6 kv 

All sizes 


1.0 

9.99 

6.96 

0.96 

0.95 


1. Group raling laclors (orclrculls of two singlo coro coblos. sido by Bido and louchlng. horlzonlnl formalJon laid direct In ground 


No. of Circuits 

Spacing (Between Cenire ol Circuils) 

Touching 15 cm 30 cm 

45 cm 

60 cm 

2 

0.80 

0.05 

0.90 

0.93 

0.95 

3 

0.70 

0.78 

0.85 

0.80 

0.91 

4 

0.63 

0.73 

0.81 

0.66 

0.88 

6 

0.56 

0.67 

0.77 

0.83 

0.07 

8 

0.51 

0.64 

0.75 

0.02 

0.86 


1 . Group roling laclors lor circuils ol Throe single coro cables, In Ireloil and louchlng, horlzonlal lormalion laid direct in ground 


No. ol Circuils 

Spacing (Bolwoon Cenire ol Circuils) 

Touching 15 cm 30 cm 

45 cm 

60 cm 

2 

0.70 

0.81 

0.85 

0.88 

0.89 

3 

0.60 

0.71 

0.78 

0.81 

0.83 

4 

0 61 

0.65 

0.72 

0.76 

0.79 

6 

0.53 

0.58 

0.66 

0.71 

0.76 

0 

0.48 

0.53 

0.61 

0.68 

0.73 


I . Group raling laclors lor Twin and Mullicoro cables In Horlzonlal lormallons laid dirocl In ground 


No. ol Circuils 

Axial Spacing 

1 Touching 15 cm 

30 cm 

45 cm 

60 cm 

2 

0.79 

0.03 

0.87 

0.90 

0.91 

3 

0.89 

0.75 

0.79 

0.83 

0.86 

4 ' 

0.62 

0.69 

0.75 

0.79 

0.02 

6 

0,55 

0.62 

0.69 

0.76 

0.70 

0 

0.50 j 

0.50 

0.66 

0.72 

0.76 



Group rating factors for Twin and multi coro coblos In TIER. Formation laid dirocl In ground 



Axial Spacing I 




No, of Circuits 

Touching 

15 cm 

30 cm 

45 cm 

60 cm 

2 

0.81 

0.83 

0.88 

0.89 

0.91 

4 

0.60 

0.67 

0.73 

0.76 

0.78 

6 

0.51 

0.57 

0.63 

0.67 

0.69 

0 

0.46 

0.51 

0.56 

0.59 

0.61 




Group rating lacSori lor twin and Multi coro cabloa In Single way »tono waro docia ar>d Iron pIpHit In Ihelf lofmationa horizontal formation laid direct In ground 

Spacing 


No. of Ducts 



Touching 

15 cm 

30 cm 

4 

0.76 

0.79 

0.81 

6 

0.67 

0.71 

0.74 

9 

0.58 

0.61 

0.63 

12 

0.54 

0.57 

0.60 


Group Rating Factors for twin and mull! core cables In single way ducts and pipes In Horizontal formation 


Spacing 

2 

Number of ducts 

4 6 

B 

10 

12 

1 to 2 cm 

0.08 

0.77 

0.71 

0.67 

0.66 

0.63 


Rating factors for multicore cables laid on racks InAir (with spacing between cables equal to diameter of the cable.) 


Number 

ol 

racks 

Number of cable per rack 


1 

2 

3 

6 

9 

1 

1.0 

0.98 

0.96 

0.93 

0.92 

2 

1.0 

0.95 

0.93 

0.90 

0.89 

3 

1.0 

0.94 

0.92 

0.89 

0.88 

6 

1.0 

0.93 ' 

0.90 

0.87 

0.86 


Rating (actors for multicore cables laid in racks inAir (with cable Touching) 


Number 

of 

rncks 

Number of cable per rack 



1 

2 

3 

6 

0 


1.0 

0.84 

0.80 

0.75 

0.73 

2 ' 

1.0 

0.80 

0.76 

0.71 

0.69 

3 

1.0 

0.78 

0.74 

0.70 

0.68 

6 

1.0 

0.76 

0.72 

0.60 

0.66 







APPENDIX-I [I 


SUIDCLINES AND AN ILLUSTRATIVE EXAMPLE 

A)USER'3 GUIDELINES: 

Tile u'^Br of package- should have ti^e following informations 

before using this packag«e:~ 

1 ) T y p e o f s y 5 Le m - W ii e t h e r a c 0 r d c . 

£)Frequency of supply (for ac only) 

3) Cross sectional ares of the conductor^ 

If it is not a standard one then the value of dc resistance at £0 deg 
should also be entered. 

4) (:onductor type-*- Round , segmental or hollow 

5) No. of equally loaded conductors. 

G) Number of cores 

7) Cable type - belted or screened. 

if belted then thickness fc> belt insulation (including semiconducting 
layer(if any) Is required 

If screened then thickness of metallic screen is requii-ed. 

8) Shape of t'ne conductor --circular or shaped. 

If shaped then circumscribing radius of conductors is required. 

9) Material of sheath/screen. 

10) Whether armoured or unarmoured. 

If armour*^d then following inf ions are also required- 

a) C:ro53 sectional area and mean dia of the armour 

b) Type of armour- 

Wi re /strip armour?- Enter lay ratio. 

Tape armour?- Enter percentage overlap or gap. 
clMaterial of the armour. 

11) Whether exposed to solar radiation or not?(for cables in air) 
leiMsterial of insulation-paper, PVC,PE,XLPE etc. 

In case of paper insulator Enter the max. permissible temperature. 
13)Material of the conduct o r- Copper or aluminium. 


14)Dia. of circular conductor and thickness of insulation between conductors 



1S)R‘rSiEtivii*y of bedding , insulation and serving. 


r? f 


1 6 ) 0 p e r s r i n q v o i t a c? -e . 

17)Bedding(inner sheat'r^ing) thickness and dia. below bedding. 

18 )Servirj 9(0 Liter sheathing) thickness and dia. below serving. 
19)Con)mon meial sheath or separate Retal sheath? 

5i:0)Sheath thirki»ess 

ct)Depth of laying (for cables buried in ground) 

B£)External dia. c>f cable. 
ii3)Excernal dia of metal sheath 
E4)Meari dia of nietai sheath 
£S)Axiai distance between cables, 
cbitype of instajlation e.g. trefoil etc. 
c*T)Type of t^ondlng-e.g cross bonding 
c; 8 )Whether r^-qular transposition or not. 

S9)Rating factors ,lf any. 

B) ILLUSTRATIVE EXAMPLE: 

Following is an e.KampXe of a particular type of cable , the 
sp€cificati<»n 5 of which are as fonows:~-(cf Barnes^CCi-ppItSl/V' 
(Here all linear dimensions are in mm and area in mm square):- 

I ) Type of system- at 
£)Frequency of supply - 50 

3) Cross sectional area of the conductor- 1370 

4) Condu.ctor type-- Round 

3)No. of eciUcuMy loaded conductors.- 1 

6 ) N umber of cores -1 

7) CabIetvpe-scr-eenec‘. 

thickness of metallic screen - 0.3 

8 ) Shape of the conductor — circular 

9) liaterial of sheath/screen.-- Lead 

1 0 ) W h e t h e r a r ru n ii r e ci or u n a r m o u r e d . - U n a r m o u r e d 

II ) Uhether exposed to solar radiation or not?-Expo 3 ed 
1 £)haterial of insulation-paper 

max f)ermissibie temperature.- 85 



